One of the main tasks of the NICA/MPD physics program is a study of low-mass vector mesons ρ, ω, φ by measuring their dileptonic decay channels. In this paper, the current status of simulations of electronÄpositron pair measurements in MPD is presented and the detector performance for such measurements is discussed. ¤´μ°¨ § μ¸´μ¢´ÒÌ § ¤ Î ¢ Ë¨ §¨Î¥¸±μ° ¶·μ£· ³³¥ Ô±¸ ¶¥·¨³¥´É MPD´ ±μ³ ¶²¥±¸¥ NICA Ö¢²Ö¥É¸Ö¨ §ÊÎ¥´¨¥ ¢¥±Éμ·´ÒÌ ³¥ §μ´μ¢¸³ ²μ°³ ¸¸μ°ρ, ω, φ¸¨¸ ¶μ²Ó §μ¢ ´¨¥³¨Ì ²¥ ¶Éμ´´μ°³ μ¤Ò · ¸ ¶ ¤ . ‚ · ¡μÉ¥ ¶·¥¤¸É ¢²¥´¸É ÉÊ¸³μ¤¥²¨·μ¢ ´¨Ö¨ §³¥·¥´¨°Ô²¥±É·μ´- ¶μ §¨É·μ´´ÒÌ ¶ · ¢ MPD¨μ¡¸Ê¦¤ ÕÉ¸Ö ¢μ §³μ¦´μ¸É¨¤¥É¥±Éμ· ¤²Ö ÔÉ¨Ì¨ §³¥·¥´¨°.
INTRODUCTION
The main goal of the NICA (Nuclotron-based Ion Collider fAcility) heavy-ion program at JINR is an experimental investigation of the properties of nuclear matter under extreme conditions [1] . The existence of a new phase of matter, the QuarkÄGluon Plasma (QGP), is predicted at sufˇciently high temperature and/or baryon density, which could be realized in heavy-ion collisions. As the NA49 experiment has reported, the results on charged pion and kaon production in central Pb + Pb collisions may indicate onset of deconˇnement at low SPS energies [2] . Such a phase transition might be accompained by restoration of chiral symmetry due to melting of the quark condensate at the transition temperature [3] . The correlated e + e − or μ + μ − pairs (dileptons), especially those from decays of vector mesons (ρ, ω, φ), are the best candidates to relate medium modiˇcations of hadronic spectral function to the restoration of the chiral symmetry in A + A collisions [4Ä6] . The ρ meson plays the central role in these studies because of its short lifetime (cτ = 1.3 fm) and high probability to decay inside the reaction zone. The invariant-mass distribution of electronÄpositron pair re ects the mass distribution of the vector meson at the moment of the decay, and since the ρ decay products (i.e., electrons and positrons) interact only electromagnetically, they escape the interaction region unaffected by subsequent strong interactions in dense hadronic matter and carry to the detectors information about the conditions and properties of the medium at the time of their creation. From the theoretical point of view, the question of how and to what extent the ρ-meson spectral function has changed in dense nuclear matter is under debate; however, no deˇnite conclusion about the underlying mechanism could be drawn, e.g., broadening of the ρ spectral function due to hadronic interactions [5, 6] or dropping of its mass [4] .
Production of low-mass dileptons (M e + e − < 1.2 GeV/c 2 ) in heavy-ion collisions has been studied at the CERNÄSPS at √ s = 8.8A, 17A and 19A GeV [7Ä11]. The CERES collaboration has observed a strong excess in the invariant-mass spectrum of electronÄ positron pairs in the region 0.2 < M e + e − < 0.7 GeV/c 2 above the expectations from the superposition of the known hadron decay channels based on their vacuum properties. Moreover, a stronger enhancement observed at 8.8A GeV indicates sensitivity of the physics signal to the baryon density attained in the reaction. At the Brookhaven Lab., the PHENIX [12] and STAR [13] experiments measured the dilepton production from the top RHIC energy ( √ s = 200A GeV) down to the top SPS energy, and also reported on the excess in e + e − spectra below the ω meson. The STAR measurements at √ s = 19A GeV are comparable to CERES and consistent with in-medium ρ-broadening by its scattering off baryons. The dilepton spectra from the DLS [14] and HADES [15] experiments taken at much lower incident energies (1−2A GeV) in smaller colliding systems (C + C and Ar + Ar) are well described by a superposition of elementary nucleonÄ nucleon collisions, in contrast to higher energies and heavier nuclei. Until now, no dilepton measurements have been performed at AGS and low SPS energies, and the NICAÄ MPD dilepton program is aimed at closing this gap. The chosen range of collision energies (4 < √ s < 11A GeV) is very promising for such a measurement since the effect is expected to be sensitive to the baryon density, while the latter happens to reach the maximum in central Au + Au collisions at NICA [16] . Ref. [17] proposed to study the dilepton spectra not only below the ω pole, where the enhancement is observed, but also in the region between the ω and φ peaks. As mentioned in [17] , in the invariant-mass range of 0.8 < M e + e − < 1 GeV/c 2 the in-medium broadening scenario predicts a much higher (up to a factor of 3) dilepton yield than the dropping mass scenario does, and in order to choose the appropriate one the experimental mass resolution of about 10 MeV/c 2 is required.
The experimental study of dileptons in heavy-ion collisions is a challenging task. The main difˇculty is a huge combinatorial background of uncorrelated lepton pairs which mainly come from π 0 Dalitz decays and photon conversion in the detector material. Special attention should be paid to reducing this background as much as possible.
The main goal of our study was to develop Monte Carlo algorithms and analysis tools for dielectron reconstruction with the MPD detector and to investigate its performance for lowmass dilepton measurements in terms of the hadron suppression factor, signal-to-background ratio and invariant-mass resolution.
DETECTOR SETUP
A detailed description of the MPD detector can be found in [18] . The conˇguration used in our study includes the Time Projection Chamber (TPC), Time-Of-Flight system (TOF) and ElectroMagnetic Calorimeter (EMC) covering the pseudorapidity range |η| < 1.2. Another relevant detector element is the beam pipe made of beryllium with a wall thickness of 1 mm. The detector material distribution relevant for the current analysis is presented in Fig. 1 . One can see that the amount of the material does not exceed 10% of the radiation length in the region of interest.
DETECTOR PERFORMANCE

Track Reconstruction.
Since at the current level of detector response silmulation the event multiplicity effects do not signiˇcantly in uence the reconstruction performance, the basic parameters of the MPD setup were studied using large samples of single-particle events of different species (electrons, pions, etc.) with a at phase-space distribution. Particles were transported through the MPD setup by the Geant 3.21 code and produced hits in the detectors.
The event reconstruction procedures are described in detail in [18] and include track reconstruction in the TPC and track matching with the TOF. The track reconstruction is based on the Kalmanˇltering technique (see, e.g., [19] ). The number of TPC hits per track was required to be greater than 20 to ensure a good precision of the momentum and dE/dx measurements. The efˇciency of the track reconstruction, deˇned as the ratio of the found tracks to the generated ones, is shown in Fig. 2 , a as a function of the track transverse momentum. All the tracks reconstructed in the TPC were then extrapolated to the TOF detector and matched with TOF hits. The efˇciency of track matching with TOF, deˇned as the ratio between the number of tracks reconstructed in the TPC which have produced a detectable signal in the TOF and the total number of tracks reconstructed in the TPC, was found to be about 90% at p T > 0.4 GeV/c (see Fig. 2, a) . The losses are due to dead spaces in the TOF array, interaction with the detector material and inefˇciencies of the matching Fig. 2. a) The track reconstruction efˇciency and TOF matching efˇciency as a function of pT for electrons. b) The relative transverse momentum resolution averaged over |η| < 1.2 for tracks of electrons as a function of pT algorithm. The transverse momentum resolution was found to be better than 3% for the tracks with p T below 1 GeV/c (Fig. 2, b) .
Particle Identiˇcation (PID).
Electron identiˇcation is achieved by using combined information about the speciˇc energy loss dE/dx (TPC), time-of-ight (TOF, EMC) and E/p (EMC) measurements. For all the TPC tracks which have a match in the TOF or/and EMC, the electron candidates have been selected by an ellipse cut in the dE/dx − β space (Fig. 3) . In addition, for the tracks registered by the EMC, the signal from the calorimeter for a given momentum provides another particle identiˇcation criterion (Figs. 4 and 5) . For tracks without a match in TOF or EMC, a dE/dx-cut is applied for electron selection in some momentum intervals (Fig. 6) . The resulting electron selection efˇciency, i.e., a fraction of the truly identiˇed electrons, is shown in Fig. 7 as a function of the total momentum. The achieved overall hadron rejection factor is ∼ 3200 (Fig. 7) . This factor is deˇned as the ratio of the number of tracks from simulated hadrons, which passed the electron selection criteria, to the number of reconstructed tracks from hadrons. 
EVENT GENERATORS
The study of dielectron production in central (0Ä3 fm) goldÄgold collisions at √ s = 7A GeV was performed using the Pluto code [20] generating a cocktail of hadrons decaying into the electronÄpositron or Dalitz electronÄpositron pairs. The multiplicities of electron sources were predicted by the statistical thermal model [21] , the estimated discrepancy between model predictions and experimental data does not exceed a factor of 2 (Fig. 8) . The background was calculated by the UrQMD generator [22] which produced hadrons and photons. The events samples have been transported through the detector using the Geant 3.21 transport package (containing photon conversions, etc.). In the UrQMD sample, the tracks from Dalitz decays of π 0 and η were excluded to avoid double counting with Pluto (the heavier mesons from the Pluto cocktail were forced to decay hadronically inside the UrQMD generator). Then, Pluto and UrQMD outputs were mixed as explained below. Fig. 8 . Rapidity distribution of φ mesons from the Pluto generator as compared to the data from the NA49 experiment [26] . Note that the experimental points correspond to the collisions of heavier nuclei (Pb + Pb) at higher energies ( √ s = 7.6A GeV)
ANALYSIS PROCEDURE
Track Selection.
To ensure the track quality, the following criteria were applied: |η| < 1.2, number of track space points in the TPC larger than 20 and the track should come from the primary vertex; i.e., the distances of the closest approach to the primary vertex in the transverse and longitudinal directions are within 3σ of the respective distributions for primary tracks.
Event Samples.
Since the full analysis chain includes transport of particles through the detector, track reconstruction and particle identiˇcation procedures, and is therefore quite time consuming, we have used a simpliˇed approach when only a relatively small number of central goldÄgold collisions (10 4 ) from the UrQMD generator (which determines the background) was simulated and then mixed with 2 · 10 7 events from Pluto (the latter corresponds to ∼ 18 h of running time at the NICA collision rate of 6 kHz). The event mixing procedure was realized as follows: the UrQMD event sample was fully processed and all the tracks that passed the electron identiˇcation criteria plus extra acceptance cuts (see below) were stored as a common track pool. Then, for each Pluto event, a random track selection from this pool was done with the requirement to reproduce the residual UrQMD track multiplicity distribution (Fig. 11). 4.3. Background Suppression. Since the particle identiˇcation suppresses the hadron contamination, the main source of the remaining background is photon conversion in the detector material. The conversion pairs can be rejected by a topological cut, making use of the fact that the electronÄpositron pair is produced with almost zero opening angle. In the magneticˇeld the particle trajectories are de ected in such a way that the plane formed by the electron and positron momenta is oriented mainly perpendicular to the magneticˇeld direction (the normal to the plane is mostly parallel to the magneticˇeld) [12] . We have complemented this value by the radial position of the production point of the dielectron and applied a 2-dimensional cut (Fig. 9) . This cut removes the majority of the conversion pairs. However, if only one lepton from a conversion pair is reconstructed, it can survive the cut. To suppress such tracks further, we have applied a low-momentum cut: p T > 200 MeV/c (Fig. 10) . A high-momentum cut (p < 2 GeV/c) was also applied to decrease the residual hadron (mostly proton) contamination. Theˇnal background multiplicity distribution from Fig. 9 . Cosine of the angle between the normal to the plane, deˇned by the electronÄpositron pair, and the magneticˇeld direction (ψ) versus the reconstructed radial position of the pair origin (V0): blue symbols (small crosses) represent conversion pairs, the cyan ones (dots) Å the others. The rectangular region represents the conversion rejection cut Fig. 10 . True radial positions of points of the photon conversion, giving either a reconstructed electron or positron (or both) after applying the topological cut (Fig. 9) , for 10 000 UrQMD events. A low-p e or low-p e T cut helps to reject conversion tracks UrQMD is shown in Fig. 11 in comparison with the signal one from Pluto. One can see that the residual hadron contamination is ∼ 1.5%.
In order to improve the signal-to-background ratio, we have applied the so-called ®π 0¯-rejection procedure as described in [8] . The essence of this procedure consists in the following: for each electronÄpositron combination with the invariant mass below 0.2 GeV/c 2 , both tracks are excluded from further pairing because of being the products of the Dalitz decay of π 0 . Ref. [23] offered an additional selection criterion based on the geometrical mean value of the pair momenta |p e + ||p e − |. Since this value has different distributions for electronÄpositron pairs from the decays of vector mesons and those for random combinations (Fig. 12) , the cut |p e + ||p e − | > 0.3 GeV/c turned out to be useful. Figure 13 shows the invariant-mass distributions of electronÄpositron pairs (panels a, b) and signal-to-background ratios in bins of the invariant mass (c, d) for two pseudorapidity windows: |η| < 0.5 and |η| < 1.0. The signal-to-background ratio (S/B) is deˇned as the ratio of the number of e + e − combinations from meson decays to that of all the other electronÄpositron combinations. There is an apparent advantage, in terms of the signal-tobackground (S/B) ratio, of using a smaller detector pseudorapidity acceptance due to stronger dependence of the statistics of the combinatorial background on the acceptance width (signal statistics depends linearly on multiplicity, while the background scales quadratically with it). However, the acceptance restriction causes a loss of signal, which can be partially reduced if a slightly different constraint is used; i.e., a pair is formed only if two tracks lie within some interval of pseudorapidity Δη (table) . Moreover, it is expected that a larger diameter of the beam pipe provides better conditions for rejecting unpaired conversion electrons produced inside the pipe wall due to their larger overall distance of the closest approach to the primary vertex (®primary vertex origin¯-cut). In the last column of the table there are results for A rough estimate of the invariant-mass resolution of the MPD setup was made byˇtting the dilepton spectra at ω and φ poles: RMS of 14 and 17 MeV/c 2 was obtained for ω and φ, respectively. 
RESULTS AND DISCUSSION
SUMMARY AND PLANS
Simulation of electron measurements in the MPD detector at NICA was performed for central Au + Au collisions at √ s = 7A GeV. Performance of the MPD setup for electron tracking and identiˇcation as well as for reconstruction of the dilepton invariant-mass spectra was studied. The achieved hadron suppression factor (below 10 −4 ) allowed us to get a signalto-background ratio of about 0.1 for 0.2 < M e + e − < 1.5 GeV/c 2 . The achieved signiˇcance is comparable or better than those in the existing experimental setups.
Since it is planned to have an extended MPD geometry available for dielectron studies (up to |η| < 2.0), it will be necessary to evaluate the impact of the extended conˇguration on the dielectron physics; i.e., the full analysis chain should be exercised for the extended setup, including track reconstruction and particle identiˇcation in the endcap region.
The installation of the inner tracking system made of silicon detectors would also affect the detector performance due to additional amount of material and, on the other hand, better determination of track parameters near the interaction region.
The experimentally observed enhancement of the dielectron spectra in the invariant-mass region of 0.2Ä0.6 GeV/c 2 needs new mechanisms of vector meson formation in a dense nuclear matter for its explanation, e.g., as proposed and implemented in the event generators QGSM [24] and HSD [25] , which are planned to be used for better estimations of the signal-to-background ratio.
